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increase in the term "dermal filler" searched by Internet users worldwide. 4 Furthermore, since 1997, there has been a 274% increase in the total number of cosmetic procedures performed, with injectables being the top overall. 5 After botulinum toxin injections, soft-tissue fillers are the second most common with a 253% rise from 2000 to 2014 and a total of 2.3 million procedures performed. 6, 7 However, unlike botulinum toxin injections, soft-tissue fillers can have serious consequences, especially if administered by nonqualified practitioners. 8, 9 Although severe complications are rare in experienced hands, they can include nodules or granulomas, infection, skin necrosis, embolization, stroke, and vision loss. 10, 11 Therefore, it is important to ensure that users are well informed of the soft-tissue filler procedure, which includes a thorough understanding of both the risks and benefits.
Although there are no worldwide regulations, the Food and Drug Administration (FDA) advises patients to carefully read around the products, surgeon experience, and postoperative warning signs and symptoms. 9 Furthermore, the FDA recommends that patients seek a board-certified plastic surgeon or dermatologist to perform the soft-tissue fillers procedure to minimize the risks of potentially devastating complications. 9 Given that the Internet serves as an important patient education tool, coupled with the increase in popularity of soft-tissue fillers and the accompanying rise in potential complications, we sought to describe and systematically analyze the content of relevant online patient information.
METHODS

Eligibility Criteria and Website Selection
The search terms "soft-tissue fillers," "dermal fillers," "wrinkle fillers," and "injectable fillers" were queried separately in Google, Yahoo, and Bing. These search engines currently represent the top 3 engines used by people on the Internet. 12 The first 30 entries were screened as it has been shown that 90% of search engine users click on a link within the first 3 pages of results. 13, 14 The Websites from the 3 engines were downloaded in August 2015 in the order they appeared with location services turned off so as not to bias the search results. The data were downloaded on the same date to ensure that identical content was being analyzed by the reviewers.
Websites were excluded from the study if they were duplicates, were unrelated, or did not contain enough information for a full review. Scientific articles and journals were also excluded from the study as they are either inaccessible to the general public or do not qualify as a patient resource. Finally, YouTube videos were excluded as they are not within the scope of this analysis. Figure 1 illustrates the initial screening and selection process.
Data Assessment
The Websites were characterized by type, location, credentials of the author, and intended target. Websites were also examined for the presence or absence of 2 Website certificates: The Information Standard and the Health on the Net Foundation Code of Conduct (HONCode). The sites are certified if they meet required standards of health information reliability. 15, 16 Three reviewers independently assessed all included Websites and were blinded to each other's results. Blinding was only removed once all data had been submitted for analysis to the independent statistician. The content analysis focused on each Website as a whole and included all of the web pages within the site that referenced softtissue fillers.
Patient Information Evaluation Instruments Readability Assessment
To assess the ease of which Website content could be read, 2 validated readability tools were used: the Flesch Reading Ease (FRE) and Flesh-Kincaid (FK) grade level scores. 17, 18 FRE and FK grade levels are inversely related; therefore, a higher FRE should correlate to a lower FK grade level.
Accessibility, Usability, and Reliability Assessment
The Minervation Validation Instrument for Health Care Websites (LIDA tool version 1.2) was used to assess the accessibility, usability, and reliability of all the Websites. LIDA is a validated instrument produced by Minervation, a company based in the United Kingdom. 19 This tool has been used by researchers to test the quality of online information in a variety of specialties including cardiology, 20 orthopedics, 13 urology, 17 and oncology. 21 The tool consists of 41 questions scored on a 4-point scale (0 = never, 1 = sometimes, 2 = mostly, 3 = always) and divided into 3 domains: accessibility score (out of 60), usability (out of 54), and reliability (out of 27).
22
(1)Accessibility criteria: "can users, including those with disabilities, access the information on the Website?" For this portion, an online component of the tool is used to check the Website's compliance with legal accessibility standards. In addition, this section is used to check the Websites compatibility across multiple operating systems (Windows, Linux, and Macintosh) and browsers (Mozilla Firefox, Google Chrome, Internet Explorer, and Apple Safari). (2)Usability criteria: "can users find what they need in an effective manner?" This assesses Website clarity, consistency, functionality, and engageability. (3)Reliability criteria: "does the site provide comprehensive, relevant, and unbiased information?" This assesses Website currency, conflicts of interest, and content production methods.
Quality Assessment
The quality assessment was performed using 2 measures: the validated "Ensuring Quality Information for Patients" (EQIP36) tool 2, 23 and the Journal of the American Medical Association (JAMA) benchmarks. 3 The EQIP36 tool is an instrument that has been expanded to meet the International Patient Decision Aid Standards criteria and the British Medical Association's guidelines for patient information appraisal. 24 This tool consists of 36 items that assess content, identification, and structure data of patient information. The modified EQIP36 is scored on a binary scale (yes vs no or N/A).
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To serve as an additional quality measure, the JAMA benchmarks were used. The benchmarks consist of 4 core standards scored on a binary scale of yes versus no or N/A and include criteria around authorship, attribution, disclosure, and currency. 
Accuracy Assessment
To assess accuracy, the 3 reviewers independently rated each Website on a scale of 1 to 4. 25, 26 A score of 1 represented agreement with 0% to 25% of the content; 2 represented agreement with 26% to 56%; 3 represented agreement with 51% to 75%; and 4 represented agreement with 76% to 100%. This was done following all other instruments and was a cumulative assessment. Reviewers compared the accuracy to information obtained from a review of the literature that was compiled in an excel document. This included referenced details on the soft-tissue fillers procedure and its risks and benefits.
Statistical Analysis
An independent statistician analyzed the data, including descriptive statistics. Where the outcome measurement was continuous, linear regression was performed. Where the outcome was ordinal, proportional odds modeling was used. All of the models were adjusted for the difference between the raters. All analyses were performed using the R statistical language (version 3.2.1) in the R-Studio GUI.
RESULTS
Initially, 360 Websites were screened. Of these, 295 Websites were excluded from the study: 239 duplicates, 49 creams or ointments, 5 scientific articles, and 2 YouTube videos. A total of 65 Websites underwent full content and quality analysis (Fig. 1) . Table 1 displays the characteristics of the Websites based on location, target, category, and credentials. The majority of Websites were based in the United States (84.6%). Of the 65 Websites, the majority (86.2%) were targeted toward patients.
Characteristics of the Website
The Websites were characterized by category and credentials based on declared authorship. Most Websites were produced by physician private practice firms (36.9%), whereas a minority were produced by professional societies (9.2%), encyclopedias (6.2%), and academic centers (4.6%).
In terms of credentials, the majority of Websites were authored by board-certified plastic surgeons or dermatologists (35.4%), followed by nonphysicians (27.7%). Only 2 of the 65 Websites were certified by the HONCode or the Information Standard.
Website Readability
Overall, sites had a mean FK grade level of 11.9 ± 2.6. The mean FRE score was 45.8 ± 10.3, which is within the range of having a readability level of "difficult." Of all the categories, on average, medical spas and consumer guides had the highest FK grade levels (13.28 and 13.03, respectively) and professional societies had the lowest with a mean grade level of 10.6 (Fig. 2 ).
LIDA Tool: Accessibility, Usability, and Reliability
The mean scores for the LIDA tool are reported in Table 2 . Results of the statistical analyses for this tool are reported in Table 3 .
Physician private practice sites and medical spas were found to be less accessible, usable, and reliable when compared with academic centers (P < 0.05). Government agencies were found to be more accessible and reliable when compared with academic centers (P < 0.05).
Website Quality
Quality-JAMA Benchmarks
Out of a total of 4 points for the JAMA quality benchmarks, 61% of Websites scored between 1 and 2 points, 20% scored between 2 and 3 points, and 18.5% scored between 3 and 4 points.
When stratified by category, the majority of physician private practice Websites (79.2%), medical spas (83.3%), and consumer guides (69.2%) scored between 1 and 2 out of 4 on the JAMA quality benchmarks (Fig. 3) . The majority of academic centers and professional societies scored between 2 and 3. Finally, all Websites categorized as an encyclopedia or government agency scored between 3 and 4 on the JAMA benchmarks (Fig. 3) .
Quality-EQIP36 Tool
Out of a total of 36 points on the EQIP36 tool, the mean Website score was 17.0 ± 5.0. When compared with academic centers, media sources (P < 0.05), physician private practice (P < 0.05), and consumer guides (P < 0.05) had lower quality scores (Table 3) .
When compared with authors who are board certified in plastic surgery or dermatology, sites authored by boardcertified other (P < 0.001), nonphysicians (P < 0.05), and doctors of osteopathy (P < 0.001) had lower quality scores (Table 3) .
Accuracy
Overall, based on the mean scores between the 3 reviewers, 12.3% of Websites scored <25% on accuracy, and 23.1% of Websites scored between 26% and 50% on accuracy. Finally, 32.3% of Websites scored between 51% and 75%, and 32.3% of Websites scored between 76% and 100% on the accuracy scale. Based on category, compared with academic centers, media sources (P < 0.001), physician private practice sites (P < 0.05), medical spas (P < 0.05), and consumer guides (P < 0.05) had lower accuracy scores.
Compared with authors who are board certified in plastic surgery or dermatology, sites with an unknown author/provider (P < 0.001), doctors of osteopathy (<0.001), and authors under board-certified other (P < 0.05) had lower quality scores overall. Table 4 indicates the top 10 scoring Websites overall and their Google search rank. In cases where the scores were tied, the reviewers reassessed the entries, and agreement was determined by consensus.
Top Sites Overall
DISCUSSION
The Internet has become one of the most important sources of online patient information. Its accessibility, ease of use, and vast collection of information make it appealing to both patients and physicians. The emergence of the "self-educated" patient has changed the medical landscape arguably for the better as patients have gained increased autonomy over their healthcare. Many researchers in various specialties of medicine have attempted to analyze the online health content that their patients access. 17, 27, 28 With the rise in popularity of soft-tissue fillers and the potential for devastating complications, it is vital to understand what type of information patients are using to inform their choices regarding this procedure. To our knowledge, this is the first study of its kind to thoroughly examine online health information for this procedure.
Our analysis indicates that the majority of information is authored by board-certified plastic surgeons or dermatologists (35.4%) that operate a private practice (36.9%). The inherent conflict of interest in this type of resource can often lead to incomplete disclosure of procedural risks and benefits. In fact, our study found that physician private practice sites did not report blindness at all and were only 12% as likely as the other categories to report skin necrosis as a potential complication. Incomplete disclosure of the risks and benefits of the procedure resulted in lower quality scores using the EQIP36 tool. Furthermore, our research indicated that physician private practice sites were found to have some of the lowest scores across all domains assessed. Previous studies have correlated poor quality scores with an increase in the amount of promotional advertising displayed. 17 Although not statistically significant in our models, it is interesting to note that physician private practice sties, along with medical spas and consumer guides, were the only categories to offer numerous incentives, medical spa promotions, and television/magazine endorsements (Fig. 4) .
Although having good quality information is vital, it is equally, if not more, important to have a site that is easy to navigate so that the desired information can be found. Through our analysis, we found that the majority of Websites were not well organized, lacked visual appeal, or took multiple clicks and links before appropriate information could be found. Interestingly, using the online component of LIDA to assess accessibility, it was found that authors who were not certified or not certified with the American Board of Medical Specialties (ABMS) had sites that were more accessible. This demonstrates a need to improve accessibility for sites with higher quality information such as those run by professional societies and academic centers. The accessibility, usability, and reliability analysis using the LIDA tool returned low mean scores overall, particularly in the latter 2 domains ( Table 2 ). Factors that lead to lower reliability scores included information that was not current or not referenced and inadequate reporting of conflicts of interest. Specifically, it was significant that physician private practice sites, medical spas consumer guides and pharmaceutical companies, had lower scores as compared with academic centers.
Readability is an important domain to consider in all sources of patient information. The US National Institute of Health recommends that patient information be written between a sixth-and seventh-grade level. Our study revealed that Websites across all categories had written content at a level that is too difficult to read and comprehend for many patients. This is similar to the results of recent research that analyzed readability of online patient material for breast reconstruction and found that all sites had exceeded the recommended age level. 28 Although professional societies had the best scores in our results at a 10.62-grade level, this is still well above the recommending average. This indicates a need for improvement in the readability of online patient material for soft-tissue fillers.
As the Internet era is here to stay, it is important for physicians to continue to adapt and familiarize themselves with good quality Websites that they are comfortable recommending to patients. We found that the majority of Websites met less than 50% of the JAMA quality benchmarks. Although physician private practice sites did fare the worst, academic centers, encyclopedias, and professional societies had some of the highest scores overall. We found similar results when using the EQIP36 tool, which provided a very rigorous approach to assess quality. Providing complete details on the procedure, balanced information on the risks and benefits, and directing patients to other sources of reliable information contributed to higher quality scores.
Looking at all domains, we found that sites from academic centers, professional societies, and encyclopedias offered the most suitable information on soft-tissue fillers. However, the overall accessibility, usability, reliability, readability, quality, and accuracy of all Websites on this topic should be improved to provide patients with more appropriate information. To direct patients to the best current information on soft-tissue fillers, we recommend sites found in Table 4 .
As previous researchers have indicated, the medical community should act as custodians of healthcare material. It is important, therefore, that plastic surgeons ensure online health information in the field of plastic surgery is of good quality, reliability, and accuracy. To accomplish this goal, regular audits of online medical content should be employed through similar studies. By this mechanism, we can remain up to date on what patients are accessing online. We can then confidently direct patients to trusted sources of information on plastic surgery procedures like soft-tissue fillers.
LIMITATIONS
A limitation of this study is not screening beyond the first 3 pages of search results for each search term. In future studies of this nature, additional screening can be undertaken. 
